Three major disease problems that have been reported in kuruma shrimp (Penaeus japonicus) culture in Japan are vibriosis, penaeid acute viremia (PAV) and baculoviral mid-gut gland necrosis (BMN).
Introduction
The shrimp seed production technique and the shrimp culture system of kuruma shrimp were developed by M. Fudinaga and his colleagues in the early 1960s in Japan after many ground-breaking studies over the preceding 30 years. Their techniques have been spreading throughout the world and have helped the world shrimp culture industry grow enormously.
The shrimp industry in Japan had progressed without major disease problems until the early 1980s. In 1988, the annual production of kuruma shrimp in Japan was 3,020 metric tons, which was a peak, and then decreased to 1,519 tons in 1994, which is 50.3% of the peak pro duction. The decrease in shrimp production until 1992 was mainly due to Vibrio penaeicida infection, which caused more than 60% of the total losses. In 1993, there was a drastic decrease in shrimp production due to introduction of shrimp seeds infected with penaeid rod-shaped DNA virus (PRDV) from China in that year. According to the results of our own survey, after this year, 60-80% of the total losses was caused by PRDV.
The shrimp seed production industry had suffered from considerable losses due to baculoviral mid-gut gland necrosis (BMN) (Arimoto et al., 1995) . BMN virus (BMNV) has been extensively investigated by K. Momoyama and T. Sano, so reviewing their works would point out important areas for future research. T. Itami, M. Maeda and M. Kondo Vihriosis Vibriosis in kuruma shrimp was first reported by Takahashi et al. (1985a) and its causative agent was characterized by de la Pena et al. (1993) and Ishimaru et al. (1995) . The typical symptoms of this disease are brown spots in the lymphoid organs ( Fig. 1 ) and in the gills, and cloudiness of the 6th abdominal segment. The most characteristic histopathological changes were extensive necrosis caused by severe bacterial invasion and multiple formation of melanized nodules in the lymphoid organs (Egusa et al., 1988) .
The causative agent is a gram-negative and short-rod bacterium (Fig. 2) , being classified as a member of Vibrio (Takahashi et al., 1985a) , and was tentatively designated Vibrio sp. PJ by de la Pena et al. (1993) . Ishimaru et al. (1995) ministration for at least one week. The mode of action of immunostimulants is to activate the phagocytic activ ity of hemocytes, and activated hemocytes ingest and kill the invading microorganisms (Takahashi et al., 1995; Itami et al., 1994; Itami et al., 1998) .
Penaeid Acute Viremia
Penaeid acute viremia (PAV) causes serious problems for kuruma shrimp farmers Takahashi et al., 1994 Takahashi et al., , 1996 and was also reported in the seedling production of greasyback shrimp (Metapenaeus ensis) in Japan (Momoyama et al., 1997) . The caus ative agent of PAV is the penaeid rod-shaped DNA virus (PRDV, formerly named RV-PJ). The infected shrimp show white spots in the carapace and reddish discolora tion on the body. PRDV was first introduced from China when kuruma shrimp juveniles were imported into Japan and spread to cultured kuruma shrimp held in nearby grow-out ponds . The major histopathological changes of PAV are nuclear hypertrophy in the infected cells in the tissues of meso dermal and ectodermal origin . Electronmicroscopy revealed long ovoid shaped virions with a loosely surrounding envelope (Takahashi et al., 1994; Inouye et al., 1994) . PRDV was proven to possess non-segmented, double-stranded DNA molecules of approximately 163 kbp, indicating that it is a member of the unassigned rod-shaped ds -DNA viruses which were previously classified in the Nudibaculovirinae, a subfamily of the Baculoviridae . Similar virus diseases, closely related to PAV, have been reported from Asian countries and the USA in dif ferent names (Chou et al., 1995; Huang et al., 1995; Wang et al., 1995; Wongteerasupaya et al., 1995; Lightner, 1996; Kasornchandra et al., 1998) . These diseases are characterized by the presence of white spots in the carapace, hypertrophied nuclei of infected cells, and the rod-shaped morphology of the enveloped virion. The syndrome is generally known as white spot syn drome (WSS) and its agent(s) as white spot syndrome baculovirus (WSSV) (Durand et al., 1997) .
The name WSSV is widely used in the world, while PRDV and PAV are the standardized names of fish dis eases in Japan (Inui, 1996) . Table 1 compares selected characteristics of the WSSVs.
The sizes of the virions found in ultra-thin sections were different among the Table 1 .
Comparison in major characteristics of white spot syndrome viruses of penaeid shrimps viruses and those that had a negative stain were different among them. These differences might be attributed to different methods of preparing the samples and to the different measurement techniques being used (Durand et al., 1996) . A tail-like structure was observed in all the virus strains except PRDV that was reported by Kimura et al. (1995) and Inouye et al. (1996) . However, according to our observation of negatively stained PRDV virions, tail-like structures were observed in the purified viruses by sucrose continuous density gradient (Fig. 3) . Although there were some confusions in the comparison of restriction enzyme analyses Durand et al.,1996; Lo et al., 1996) , the patterns of EcoR I-digested DNAs of PRDV and WSBV are at least similar to SEMBV (K. Inouye and D. V. Lightner, personal communications).
The DNA sequences of PCR products amplified from PRDV-infected shrimp DNA were identical to those amplified from SEMBV-infected shrimp DNA when the primers, which were developed from PRDV, were applied to both diseased shrimp (Maeda et al., unpublished data 
Baculoviral mid-gut gland necrosis
Several aspects of baculoviral mid-gut gland necrosis virus (BMNV) have been described, including a DNA analysis, transmission routes, diagnostic techniques, countermeasures, and host ranges (Sano et al., 1981 (Sano et al., , 1985 Sano and Momoyama, 1992; Momoyama, 1983 Momoyama, , 1988 Momoyama, , 1989a Momoyama and Sano, 1988 , 1989 Arimoto et al., 1995) .
BMN is the epizootic of kuruma shrimp larvae in Japan during May to September (Sano et al., 1981) . The disease causes high mortality in laval and postlarval stages. The susceptibility to infection tends to decrease with advancing stages of development from the zoea stage to the 10-day-old postlarval stage (Sano et al., 1985; Momoyama and Sano 1989 
Conclusions
Shrimp culture in Japan has been seriously damaged since 1988, when the maximum production was achieved. Three major diseases, vibriosis, PAV and BMN, are the primary causes of the decrease in produc tion, and are of a great concern to the shrimp culture industry.
To control vibriosis, oxytetracycline and oxolinic acid are available in Japan and widely used.
To avoid the appearance of resistant strains to these two drugs, the proper use of these drugs should be strongly recom mended.
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